The purpose of this study was to quantify perceived hypernasality in children. One-third octave spectra of the isolated vowel ͓i͔ were obtained from 32 children with cleft palate and 5 children without cleft palate. Four experienced listeners rated the severity of hypernasality of the 37 speech samples using a 6-point equal-appearing interval scale. When the average 1/3-octave spectra from the hypernasal group and the normal resonance group were compared, spectral characteristics of hypernasality were identified as increased amplitudes between F1 and F2 and decreased amplitudes in the region of F2. Based on the findings of the children's speech, 36 speech samples with manipulated spectral characteristics were used to minimize the influences of voice source characteristics on perceived hypernasality. Multiple regression analysis revealed a high correlation (Rϭ0.84) between the amplitudes of 1/3-octave bands ͑1 k, 1.6 k, and 2.5 kHz͒ and the perceptual ratings. Increased amplitudes of bands between F1 and F2 ͑1 k, 1.6 kHz͒ and decreased amplitude of the band of F2 ͑2.5 kHz͒ was associated with an increasing perceived hypernasality. These results suggest that the amplitudes of the three 1/3-octave bands are appropriate acoustic parameters to quantify hypernasality in the isolated vowel ͓i͔.
I. INTRODUCTION
Quantitative evaluation of hypernasality is important to monitor speech development and to determine whether surgical intervention or speech therapy is necessary. Several instrumental techniques are available for clinicians to measure velopharyngeal inadequacy or the severity of hypernasality ͑e.g., aerodynamic assessment and nasometry, respectively͒. The acoustic analysis of speech samples recorded by a microphone seems to have an advantage for evaluating the severity of hypernasality because it analyzes the same signals that are perceived by listeners. No acoustic method, however, has been used to evaluate hypernasality in a clinical setting. The goal of this study was to develop an acoustic method to quantify perceived severity of hypernasality in children with velopharyngeal inadequacy.
Using a comparison of nasalized and non-nasalized vowels in the same subject or model, articulatory synthesis and formant analysis have been used to investigate the acoustic characteristics of nasalization. In an attempt to quantify spectral properties of nasalized vowels, Hawkins and Stevens ͑1985͒ acoustically synthesized nasalized and non-nasalized vowels by manipulating both the frequencies and the spacing of the first nasal pole-zero pair. They speculated that the acoustic property corresponding to perceived nasality was the degree of spectral prominence in the F1 region.
To evaluate this hypothesis, Chen ͑1995͒ proposed the acoustic parameter A1 -P1 in dB. A1 is the amplitude of F1, P1 is the amplitude of the second nasal peak in the vicinity of F1. The author reported several concerns related to the acoustic parameter A1 -P1. The nasal peak was not easily detected when it appeared in the vicinity of a formant. The frequency and the amplitude of the nasal peak may show some variability when the fundamental frequency is high, which often occurs in children's speech. In addition, the parameter A1 -P1 was vowel dependent. The reported correlation coefficient of nasality judgments and normalized A1 -P1 for different vowels was Ϫ0.76.
Chen ͑1997͒ proposed another acoustic parameter A1 -P0. P0 is the amplitude of the first nasal peak. The parameter A1 -P0 was not applicable for the nasalized vowel ͓i͔ because the first nasal peak sometimes appears in the frequency region of F1. This parameter was also influenced by vocal breathiness.
The findings of these studies suggest that the severity of nasalization cannot be measured accurately by formant analysis when the fundamental frequency is high, which is common in children's speech. In addition to these, Bakkum, Plomp, and Pols ͑1995͒ reported that formant analysis was not suitable for real-time application. Therefore, its use is not suitable for a clinical setting.
We have used a 1/3-octave analysis to represent the acoustic characteristics of hypernasality in children as an auditory spectrum ͑Kataoka, 1988; Kataoka et al., 1996 . A 1/3-octave analysis appears to be compatible with the concept of formant analysis as an auditory model ͑Bakkum et al., 1995͒. This bandwidth was selected because it compared well with the critical bandwidth of the analyzing mechanism utilized by the ear ͑Pols et al., 1969͒. The differences in perceived quality of vowels, including the severity of hypernasality, should be represented as the differences in the 1/3-octave spectrum. Therefore, a 1/3-octave analysis is considered to be suitable to quantify perceived severity of a͒ Author to whom correspondence should be addressed; also at First Department of Oral and Maxillofacial Surgery, Showa University 2-1-1 kitasenzoku, ohta-ku, Tokyo 145-8515, Japan. Electronic mail: kataoka@senzoku.showa-u.ac.jp hypernasality. Furthermore, a 1/3-octave analysis is suitable for the clinical setting because it can be performed in real time.
The average 1/3-octave spectra of a normal resonance group and hypernasal group were compared. From the comparison, the spectral characteristics of hypernasality in children with cleft palate during the vowel ͓i͔ were identified. Kataoka et al. ͑2001͒ reported that voice quality distortions and a particular type of spectral change that relate to the severity of hypernasality over the duration of vowel could be factors that influence perceived hypernasality. We hypothesized that a perceptual evaluation of hypernasality has a better relationship to the acoustic characteristics of hypernasality within a speech sample when acoustic factors that may produce perceptual variability among listeners are controlled. Speech samples with manipulated spectral characteristics, therefore, were used to control the acoustic parameters ͑e.g., fundamental frequency, duration, sound level, voice quality, and spectral change over time͒. The spectral characteristics of the speech samples were manipulated using a 1/3-octave equalizer based on the spectral characteristics of children's speech samples identified in Sec. II.
In Sec. III, the relationship between the spectral characteristics and perceived hypernasality was examined by multiple regression analysis using these manipulated speech samples. The predicted hypernasality scores obtained from the multiple regression equation using the acoustic parameters that represent the acoustic characteristics of hypernasality should correlate closely to reliable perceptual evaluations. Thus, both more reliable perceptual evaluations of hypernasality and the acoustic method to evaluate perceived hypernasality in the vowel ͓i͔ could be obtained if the acoustic factors are controlled.
II. ACOUSTIC CHARACTERISTICS OF HYPERNASALITY IN CHILDREN WITH CLEFT PALATE
A. Method
Subjects
Speech samples were obtained from 32 children who were seen for evaluation at the UNC Craniofacial Center. All children, 14 boys and 18 girls, had a diagnosis of cleft palate, velopharyngeal impairment of varying degrees, or both. They were clinically judged to have hypernasal speech by two speech-language pathologists. The mean age for this group was 9.0 years with a range from 5 to 13 years for boys and 5 to 15 years for girls.
Speech samples were also obtained from 32 children without cleft palate ͑control group͒. They consisted of 20 boys and 12 girls who ranged in age from 6 to 13 years, with a mean age of 9.5 years. They were free of any known craniofacial anomalies and were judged to exhibit normal phonation and resonance.
Speech sample and recording procedure
Subjects were instructed to sustain the vowel ͓i͔ with natural loudness and pitch. A model was provided to facilitate normal production. In order to facilitate ratings of hypernasality, the vowel was prolonged. An omnidirectional electret condenser microphone ͑Sony ECM 44S͒ was placed approximately 15 cm from the subjects' lips. The speech samples were recorded using the PERCI-SARS system ͑Mi-crotronics Corp., Chapel Hill, NC͒. Each speech sample was low-pass filtered at 7500 Hz with a roll-off of Ϫ80 dB per octave and digitized at 20 kHz with 16-bit resolution. All subjects' speech samples were recorded in a soundattenuated booth.
The examination of the relationship between the perceptual evaluation and spectral characteristics of hypernasality was based on 37 speech samples. Thirty-two samples were from the group with cleft palate. In an effort to maintain the number of samples at a manageable level, five speech samples randomly selected from the control group were used.
Acoustic analysis
The digitized speech samples were filtered using 16 1/3-octave digital bandpass filters with center frequencies from 250 Hz to 8 kHz. Chebyshev-type infinite impulse response filters with a ripple of Ϯ0.2 dB were used ͑CATCH system, Coretex Corp., Tokyo͒. The rms ͑root-mean-square͒ of each filter output was calculated every 1.44 ms and was averaged for a steady-state portion of the vowel to obtain an averaged 1/3-octave spectrum.
Since the speech samples were produced using natural loudness and pitch, the intensity levels were variable. Thus, to make comparisons possible, all spectra were normalized to have the average level of these 16 1/3-octave bands equal to 0 dB ͑Suomi, 1984͒.
Perceptual experiment
Three speech-language pathologists and one dentist, each of whom had at least 15 years experience in the assessment of speech associated with cleft palate, served as listeners. These listeners were considered to have better skills in isolating hypernasality from other speech characteristics than naive or less experienced listeners. All of the listeners reported that rating the isolated vowel was more difficult than rating connected or conversational speech because the number of cues was limited. When they rated connected or conversational speech, however, other speech characteristics associated with velopharyngeal inadequacy could influence the evaluation of hypernasality.
The listeners were instructed to use a 6-point equalappearing interval scale to rate the severity of hypernasality with 1 representing ''no nasal resonance,'' 2, 3, 4, 5, and 6 representing ''mild,'' ''mild-moderate,'' ''moderate,'' ''moderate-severe,'' and ''severe hypernasal resonance,'' respectively. Written instructions were provided and reviewed orally at the beginning of the task. First, listeners were asked to listen to all the speech samples to acquaint themselves with the range of samples with respect to the severity of hypernasality. Then, they were asked to rate the 37 speech samples. All listeners had practice sessions before judging sessions. Three of them ͑listeners A, B, and C͒ had three extra-practice sessions using the same set of the samples. The listeners were seated individually in a soundtreated room at a multimedia computer equipped with headphones ͑Sony MDR-V600͒.
A control program ͑SARS-RATEWAV, Microtronics Corp., Chapel Hill, NC͒ was used to present the speech samples binaurally by the headphones at a constant sound level ͑ap-proximately 80 dB A-weighted SPL͒ through a 16-bit D/A converter. The program also recorded listener's responses. The presentation of samples was self-paced, and each speech sample could be repeated ͑at the discretion of the listener͒ a maximum of nine times before a decision had to be made. This session was then repeated three times for each listener. The control program randomized the order of sample presentation.
B. Results
In analyzing the rated scores of 37 speech samples obtained from four experienced listeners, intralistener reliability and interlistener reliability were calculated. Intralistener reliability was calculated for each listener using intraclass correlation coefficients for the scores of the three ratings. Intralistener reliability ranged from 0.67 to 0.81 with an average of 0.75. Average rating scores were obtained from the three sessions for each listener. The interlistener reliability, calculated using an intraclass correlation coefficient, was 0.68. Each listener's average and standard deviation of the 37 rating scores were different from each other ͑Table I͒. In order to eliminate the individual difference in the dispersion of the rated scores, the averaged rating scores were normalized so as to have each listener's average and standard deviation equal to 3 and 1.25, respectively. Then, the mean rating scores of the four listeners for each sample were calculated.
Based upon the averaged normalized rating scores, the 37 samples were divided into three groups: normal resonance group (nϭ7) ͑average rating less than 2͒, mild to moderate hypernasal resonance group (nϭ24) ͑average rating equal to or greater than 3 and less than 5͒, moderate to severe hypernasal resonance group (nϭ6) ͑average rating equal to or greater than 5͒. Average 1/3-octave spectra were calculated for each of these three groups and for the control group, except for the five speakers whose speech samples were used for the perceptual experiment (nϭ27).
In Fig. 1 , the average 1/3-octave spectra from the moderate to severe and the mild to moderate hypernasal resonance groups are compared to the spectra from the normal resonance group and the control group. Obvious differences were observed in the level of F1, the levels between F1 and F2, and in the levels of F2, F3 region. In the hypernasal groups, the level of F1 and the levels between F1 and F2 were higher and the levels in F2, F3 regions were lower than those of the normal resonance and the control groups.
An analysis of variance ͑ANOVA͒ for differences in mean level ͓dB͔ of each 1/3-octave band among the four groups showed significant differences in the levels of the bands whose central frequency were 630 Hz, 1, 1.6, 2, and 3.2 kHz. The obtained F values are shown in Table II . In the level of F1 ͑630 Hz͒, the moderate to severe and the mild to moderate hypernasal groups had a higher amplitude than the normal resonance and the control groups. In the levels of 1, 1.6, and 2 kHz, the moderate to severe hypernasal group had the highest amplitude and the normal resonance group had the lowest amplitude. The other significant differences were observed in the level of F2 region ͑3.2 kHz͒. In this band, the normal resonance group had the highest amplitude and the moderate to severe group had the lowest amplitude ͑Fig. 1͒.
Based on these results, the spectral characteristics of hypernasality of the vowel ͓i͔ in children with cleft palate were identified as an increase in the level of F1 and an increase in the levels between F1 and F2 and a decrease in the levels of F2, F3 region.
III. HYPERNASALITY IN SPEECH SAMPLES WITH MANIPULATED SPECTRAL CHARACTERISTICS
The relationship between spectral characteristics and perceived hypernasality was examined using speech samples with manipulated 1/3-octave spectral characteristics. A. Method
Stimuli
An original speech sample that did not have obvious spectral changes over the duration of the vowel was used. This speech sample was produced by a subject without cleft palate ͑female, age 13͒ and received a rating of 1 ͑no nasal resonance͒ from all four experienced listeners in the perceptual experiment of Sec. II.
Spectral properties of the speech sample were changed. A number of possible hypernasal speech samples of the vowel were created by manipulating the relative amplitudes of the 1/3-octave bands that were specific to the spectral characteristics of hypernasality identified in Sec. II. The manipulated spectral components were F0, F1, the spectral components between F1 and F2, and the F2, F3 region. The amplitude manipulation was performed for each spectral component and all possible combinations of these spectral components to create as many hypernasal speech samples as possible. The manipulated samples had the same duration ͑1 s͒, the same fundamental frequency ͑290 Hz͒, and the same sound-pressure level ͑approximately 80 dB A-weighted SPL͒. Figure 2 shows a 1/3-octave spectrum of the original sample and the method of amplitude manipulation. The modifications of spectral characteristics were specified in terms of differences in the amplitudes of particular spectral components compared to the original sample. Forty-nine samples were created in this manner.
As a preliminary test, listeners A, B, and C rated these 49 samples at least twice in terms of both acceptability as the vowel ͓i͔ and the severity of hypernasality. If two listeners judged a sample as unacceptable as the vowel ͓i͔, then the sample was discarded. Fourteen samples were eliminated in this manner and the remaining 35 samples and the original sample were used for the perceptual experiment ͑Table III͒. For the purpose of familiarizing the listener with the manipulated speech samples, listener D, who did not participate in the preliminary test, rated these 49 samples before the judging sessions. Among the 35 samples, the amplitude͑s͒ of only one spectral component was manipulated in 18 samples ͑sample 1-18͒. Manipulation of each spectral component was performed by modifying the amplitude of only one 1/3-octave band except the spectral component of F2, F3 region. The amplitudes of two bands ͑3.2, 4 kHz͒ were modified for manipulating the F2, F3 region. To examine the influence of each spectral component on perceived hypernasality, the 18 samples and the original sample were used. 
Acoustic analysis
The 36 speech samples including the original sample were analyzed and normalized in the same manner as Sec. II. The levels of 16 1/3-octave bands ͑250 Hz to 8 kHz͒ were used as the acoustic parameters.
Perceptual experiment
The same four experienced listeners who participated in Sec. II also participated in Sec. III. They again used a 6-point equal-appearing interval scale to rate the severity of hypernasality. Written instructions were provided and reviewed orally at the beginning of the task. The same control program ͑SARS-RATEWAV͒ was used to present the speech samples. In this study, the original sample was used as a reference sample to represent category 1 ͑no nasal resonance͒. The listeners were permitted to review the reference sample at any time during the session and as many times as they wished.
First, for the purpose of familiarizing the listeners with the manipulated speech samples, a practice session consisting of six manipulated speech samples was performed. The practice session was repeated three times. These practice samples were not used during the judging session. After the practice session, a judging session was conducted consisting of the 36 speech samples. The presentation of samples was self-paced, and each speech sample could be repeated ͑at the discretion of the listener͒ a maximum of 20 times before making a final decision. The judging session was repeated twice for each listener. The control program randomized the order of sample presentation.
A relationship between spectral characteristics and perceptual evaluation
Multiple regression analysis was used to examine the relationship between the acoustic parameters and the averaged perceptual ratings of hypernasality obtained from the four experienced listeners. 
Perceptual experiment
In analyzing the rated scores of 36 manipulated speech samples obtained from four experienced listeners, intralistener reliability and interlistener reliability were calculated. Intralistener reliability was calculated for each listener using Pearson's r for the scores of the two ratings. Intralistener reliability ranged from 0.71 to 0.88 with the average of 0.77. The average rating scores were obtained from the two sessions for each listener. Interlistener reliability, calculated using intraclass correlation coefficient, was 0.71.
Average rating scores were obtained for each listener. Each listener's average and standard deviation of the 36 rating scores were different from each other ͑Table IV͒. To eliminate the individual differences in the variation of the rated scores, the averaged rating scores were normalized so as to have each listener's average and standard deviation equal to 3 and 1.25, respectively. The mean rating scores of the four listeners for each sample were then calculated.
The relationship between spectral characteristics and perceived hypernasality
The predicted scores ͑y͒ obtained from the multiple regression equation ͑1͒ using the amplitudes of the three 1/3-octave bands ͑1, 1.6, and 2.5 kHz͒ had a high correlation (Rϭ0.84) with the perceptual rating scores ͑Fig. 3͒. This multiple regression coefficient was significant, F(3,32) ϭ25.33, pϽ0.001. The multiple regression equation was yϭ7.42ϩ0.11ϫL1kϩ0.06ϫL1.6kϪ0.17ϫL2.5k. ͑1͒ In this equation, L1kϭlevel of 1 kHz, L1.6kϭlevel of 1.6 kHz, and L2.5kϭlevel of 2.5 kHz. An increase in the amplitude of the 1/3-octave band of 1 or 1.6 kHz and a decrease in the amplitude of the band of 2.5 kHz increased the predicted score ͑y͒. That is, the predicted scores from the acoustic parameters become more hypernasal. The standardized regression coefficients for the level of 1 kHz were almost identical among the listeners. The coefficient for the level of 2.5 kHz, however, was considerably different among the listeners ͑Table V͒. When the listeners rated the severity of hypernasality, they placed nearly the same weight on the levels of 1 and 1.6 kHz. They placed a considerably different weight, however, on the level of 2.5 kHz.
The influence of each spectral component on perceived hypernasality
To examine the influence of each spectral component on ͑a͒ perceived hypernasality, and ͑b͒ the individual difference of the perceptual ratings among the listeners, the 18 samples were divided into four groups based on the manipulated spectral component. The influence of each spectral component on perceived hypernasality was examined. As the amplitude of the band between F1 and F2 ͑1 and 1.6 kHz͒ increased, the hypernasality ratings increased ͑Fig. 4͒. If the amplitude of the band of 1 kHz was increased by more than 15 dB, or the amplitude of the band of 1.6 kHz was increased by less than 10 dB, no obvious change was observed in ratings. Decreasing the amplitude of F2, F3 region increased the hypernasality ratings ͑Fig. 5͒. As the amplitude of F1 increased, the hypernasality ratings increased. When the amplitude of F1 decreased, however, no obvious change was observed ͑Fig. 6͒. Modifying the amplitude of F0 in either direction increased the ratings of hypernasality ͑Fig. 7͒.
IV. DISCUSSION

A. Spectral characteristics of hypernasality
The results of multiple regression analysis showed that the severity of hypernasality can be evaluated by using the two levels of 1/3-octave bands between F1 and F2 and the level of F2. These results were in agreement with the spectral characteristics of hypernasality in children with cleft palate identified in Sec. II. These results were also in agreement with the reported spectral characteristics of nasalization of the vowel ͓i͔ such as an appearance of additional spectral peak͑s͒ between F1 and F2 and a decrease in the amplitude of F2 and F3 ͑House and Stevens, 1956; Hattori, Yamamoto, and Fujimura, 1958; Fant, 1970͒ . Thus, this acoustic method for quantitative evaluation of hypernasality using the three levels of 1/3-octave bands is compatible with the other reports.
Decreased amplitude of F1 was also reported as a spectral characteristic of nasalization ͑House and Stevens, 1956; Fant, 1970͒ . The spectral characteristics of nasalization, however, differ from one vowel to another ͑House and Stevens, 1956; Hattori et al., 1958; Fant, 1970; Hawkins and Stevens, 1985; Maeda, 1993; Beddor, 1993͒ . From theoretical considerations, coupling of the nasal tract to the main vocal tract introduces pole-zero pairs in the transfer function. When low vowels such as ͓a͔ and ͓,͔ are nasalized, the amplitude of F1 decreases because the first nasal zero appears in the frequency region of F1. When high vowels such as ͓i͔ and ͓u͔ are nasalized, however, the first nasal zero appears in a higher frequency region than F1; therefore, the amplitude of F1 is not attenuated.
Hypernasal vowels, in general, have broadened peaks FIG. 4 . The relationships between the levels of the bands between F1 and F2 ͑1 kHz, 1.6 kHz͒ and the perceptual ratings of hypernasality. Level of 1, 1.6 kHzϭthe level of the 1/3-octave band whose center frequency is 1 kHz, 1.6 kHz. Hypernasalityϭperceptual ratings of the severity of hypernasality. and flattened spectra. When the spectral peaks ͑formants͒ are not prominent, the shape of the entire region of the spectral envelope is important for vowel perception rather than the frequency and the amplitude of the spectral peaks ͑Beddor and Hawkins, 1990͒. Therefore, 1/3-octave spectral analysis that evaluates the overall spectral envelope may have a theoretical advantage in analyzing hypernasal vowels. Furthermore, the static properties of the vowel spectra have been examined by formant analysis, whereas 1/3-octave analysis can utilize both static and dynamic approaches. An increase in the amplitude between F1 and F2 consistently increased the ratings of hypernasality with relatively similar ratings among the listeners. When only the amplitudes of 1 and 1.6 kHz were used as the acoustic parameters, multiple regression analysis showed a relatively high correlation (Rϭ0.74) between the perceptual rating scores and the predicted scores. An increase in the amplitude between F1 and F2 is considered to have the greatest influence on perceived hypernasality.
The amplitudes of 1 kHz had a different influence on perceived hypernasality than the amplitude of 1.6 kHz ͑Fig. 4͒. Studies using an articulatory synthesizer have shown that the distance in frequency between F1 and the spectral peak between F1 and F2 increased according to the size of velopharyngeal opening ͑Maeda, 1993; Stevens, 1998͒. A similar result was obtained from an adult with cleft palate using a specially designed prosthetic appliance ͑Watterson and Emanuel, 1981͒. It is suggested that the location of the spectral peak in the frequency axis, such as 1 and 1.6 kHz, could be related to the size of velopharyngeal opening as well as the size and shape of the nasal tract.
Furthermore, based on the comparison between 1/3-octave analysis and formant analysis in children's speech, Bakkum et al. ͑1995͒ reported that formant analysis was not suitable for real-time application. Because 1/3-octave analysis can be performed in real time, it is more suitable for a clinical setting. This method is noninvasive, reproducible, does not interfere with phonation, and can be performed in real time. Even very young children can produce the test speech sample of the vowel ͓i͔. This acoustic method, therefore, could be considered suitable for use in a clinical setting.
B. Reliable perceptual evaluation of hypernasality
In Sec. II, listeners A, B, and C rated the 37 speech samples six times. Intralistener reliability was calculated using intraclass correlation coefficient for the scores of the first three ratings and the last three ratings ͑Listener A 0.82, 0.81; Listener B 0.62, 0.67; Listener C 0.84, 0.77͒. No obvious difference was observed in the first three and the last three ratings in terms of intralistener reliability. Then average ratings of the first three ratings and the last three ratings for each listener were compared using Pearson r correlation coefficients ͑Listener A 0.92, Listener B 0.72, Listener C 0.87͒. There was no obvious improvement in the reliability of rating after the experienced listeners were familiar with the rating task. Kataoka et al. ͑2001͒ examined how the acoustic characteristics of the speech samples influenced the variability of the perceptual ratings among listeners. The authors reported that voice quality distortions and a particular type of spectral change that related to the severity of hypernasality over the duration of the vowel could contribute to the variability of perceptual ratings in the isolated vowel ͓i͔.
A greater degree of increase in intra-and interlistener reliability was expected in the perceptual experiment using the manipulated speech samples. Contrary to our expectation, inter-and intralistener reliability increased slightly. As shown in Table V , each listener placed a different weight on the level of 2.5 kHz when he or she evaluated the severity of hypernasality.
The change of the amplitude of F2, F3 region shifts the overall spectral balance of a high-frequency region in relation to a low-frequency region. This could change the perception in voice quality that listeners might associate with the degree of nasal resonance when spectral peaks are not prominent ͑Hawkins and Stevens, 1985͒. The change in voice quality as well as in the severity of hypernasality could confuse listeners and result in a large individual difference in ratings of the vowel ͓i͔.
Reliable perceptual evaluation of hypernasality is considered to have a stronger relationship to the acoustic characteristics of hypernasality in the same speech sample of the vowel ͓i͔. The predicted hypernasal scores obtained from the multiple regression equation using the acoustic parameters of hypernasality should correlate closely to the reliable perceptual evaluation. Stated in other terms, we believe that more reliable perceptual evaluation could be obtained by examining the relationship between the perceptual evaluation and the acoustic characteristics of the same speech signal controlling the acoustic parameters that may cause the perceptual variability among the listeners.
